Tomato fruits naturally infected with bacterial speck disease were procured from the fields of Indian Agricultural Research Institute, New Delhi, India. Tomato seeds of local (S 22) variety and F 1 hybrid (omni 2525) variety were procured from the local market.
Treatment of Plants:
Five groups (numbered 1-5) each consisting of 3 replicates having 50 randomly selected plants from both the varieties was treated. The third leaf from the base of each plant of each group was treated with neem, but the whole plant leaves were inoculated with pathogen as follows:
First group was sprayed with sterile Type I water only (control), second group was inoculated with P. syringae pv tomato, third group was treated with aqueous neem fruit extract only, fourth group was inoculated with pathogen 24h prior to treatment with aqueous neem fruit extract and fifth group was treated with aqueous neem fruit extract 24h prior to inoculation with pathogen. Spraying was done using sterile atomizer to produce fine spray droplets. All the above operations were carried out under aseptic conditions. For all analysis, leaves of 4 th and 5 th node from the base were sampled at 0h, 24h, 48h, 72h and 96h, frozen in liquid nitrogen and stored at -80 o C. They were used for estimating the activities of PAL, TAL, PPO, POX, total phenols, SA (free and total) and chlorophyll content. The frozen leaves were also used for extraction of cytoplasmic and ionically bound cell wall proteins followed by detection of acidic iso-PPOs, acidic isoPOXs and basic iso-POXs. The total protein concentrarion was determined using bovine serum albumin as a standard, according to Bradford (1976) .
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Evaluation of disease incidence, severity and percent control:
Each tray contained 54 plants. Experiments were conducted in a completely randomised fashion with three replicates, using 18 plants as a replicate. Disease incidence was recorded on newly emerged leaves after 3 and 10 weeks of treatment from control and neem treated plants and calculated using the formula:
Percentage Disease Incidence = Average number of infected leaves per plant × 100 / Average total number of leaves per plant.
The lesions of bacterial speck on leaves per plant were counted. Disease severity was evaluated visually and scored using a disease index with a range of 0 to 3 (0 signifies a healthy-looking plant; 1 signifies 2 to 5 specks together or spread over each leaf; 2 signifies 6 to 10 specks; and 3 signifies more than 10 specks), as previously described by Yunis et al. (1980) . Disease intensity was evaluated on the basis of disease severity index recorded in treated as well as control plants after one week using the following formula:
Disease Intensity (%) = Sum of rating (0-3 scale) × 100 / (Maximum possible score ×
No. of leaves observed).
Specifically, disease control percentage was calculated using the following formula: 1 -x/y × 100, where x = mean bacterial speck incidence in treated plants and y = mean bacterial speck incidence in control plants.
Extraction of cell wall:
Cell wall was prepared according to the method of Feiz et al. (2006) . Frozen leaf tissue (1g) was homogenized in 30ml of cold, low ionic strength (5mM) acetate buffer pH 4.6 containing 0.4M sucrose, 0.34% Polyvinyl pyrrolidone (PVP), 5mM Dithiotreitol (DTT), Total volume 7.5 ml 7.5 ml 2.5ml with DTT, alkylated with iodoacetamide (sigma) and digested with trypsin (sigma).
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Protein bands that were visualized with Coomassie Brilliant Blue were excised manually into pieces and incubated at 37°C with 300 l of 50% methanol and 0.1% acetic acid to remove the dye bound to the proteins. The bands were washed with water for 15 min, followed by addition of 500 l of 25mM NH 4 HCO 3 , votexed at low speed for 1h and the wash was discarded. They were gently agitated with 100 l of 25mM NH 4 HCO 3 in 50% acetonitrile for 30 min at RT and the wash was discarded. This step was repeated atleast twice or until the dye removed completely. The gel pieces were dehydrated by vortexing in 100 l of 100% acetonitrile for 10-20 min and the wash were discarded. The gel shrinks and becomes visibly opaque/ white. They were dried under a vacuum using desicator followed by reduction and alkylation. Gel pieces were incubated with 50 l/band of 10mM DTT in 25mM NH 4 HCO 3 for 1h at 56°C, the supernatant was discarded and gel pieces were cooled to RT. They were treated with 50 μl/band of 50mM freshly prepared iodoacetamide in 25mM NH 4 HCO 3 for 30-45 min at RT with occasional shaking. The band pieces were washed with 300 μl of 25mM NH 4 HCO 3 pH 7.8 for 10 min while vortexing followed by washing with 300 l of 25mM NH 4 HCO 3 in 50% acetonitrile. They were dehydrated with 100 l of 100% acetonitrile for 5 min and dried under a vacuum using desiccator. Dried gel pieces were precooled and treated with 20-30 μl of 20 ng/ml trypsin (Proteomics grade, Sigma) solution prepared in 1:9 ratio of 1 mM HCl and 40 mM NH 4 HCO 3 in 9% acetonitrile according to size for 30 min to 60 min at 4°C and transferred to 37°C for 10 min. If needed 20 μl of 40 mM NH 4 HCO 3 in 9% acetonitrile was added to cover the expanded gel slice and incubated at 37°C for 18h. The reaction was stopped by addition of 3 μl of freshly prepared 1% formic acid. They were vortexed briefly and centrifuged at 4000 rpm for 3 min at RT and transferred to a clean 0.2ml PCR tubes kept in ice. The resulting tryptic fragments were eluted by diffusion into 60% acetonitrile and 0.1% trifluoroacetic acid (TFA) by vortexing at RT for10 min or by proteins, spectra within the mass range 3,000-6,000 Da were also acquired to ensure good resolution for the spectra between 3,000-5,000 Da. Peptide mass calibration was performed with external mass standards ( Calmix 1 and 2 from Applied Biosystems). The spectra were processed for advanced baseline correction, noise removal and mass calibration. As a molecular weight standard of peptides, 1 μl of 10 μM of oxidized Bchain of bovine insulin (MH + 3496.9) (Sigma) was used and a mass accuracy of <0.1%
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was obtained in the linear mode with external calibration. Interpretation of the peak values from text file to graphical format was done using Origin software and the proteins were identified using MASCOT and ProFound computer algorithms when searched against SWISSPROT and NCBInr databases [Borderies et al., 2003; Boudart et al., 2005] . The identified cell wall proteins were classified according to their functions and their domains were identified using BLASTP and PROSITE.
Effect of transcriptional/translational inhibitors:
Experiments were conducted in a completely randomised fashion. Six groups of plants having 3 replicates each were treated as following. Each replicate had 52 tomato plants.
1. First group of plants was sprayed with sterile Type I water and used as control. 3. Third group of plants was pre-treated with translational inhibitor (cycloheximide (actidione); 0.5 mg/ ml of ethanol) followed by spraying with sterile Type I water and designated as translational inhibitor control.
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4. Fourth group of plants was sprayed with aqueous neem fruit extract only and designated as neem fruit extract treated.
5. Fifth group of plants was pre-treated with transcriptional inhibitor (actinomycin D, 0.05 mg/ ml) followed by spraying with aqueous neem fruit extract and designated as transcriptional inhibitor neem treated.
6. Sixth group of plants was pre-treated with translational inhibitor (cycloheximide, 0.5 mg/ ml of ethanol) followed by spraying with aqueous neem fruit extract, and designated as translational inhibitor neem treated.
Spraying was done using atomizer to produce fine spray droplets. All the above operations were carried out under aseptic conditions. For all analysis leaves of 3 rd node from the base were sampled from both control and treated plants at 0h, 24h, 48h, 72h and 96h after treatment. The sampled leaves were frozen in liquid nitrogen and stored at - 
Effect of kinase inhibitors:
Eight groups of plants having 3 replicates each were treated as in table 3.2. Each replicate had 52 tomato plants.
Spraying was done using atomizer to produce fine spray droplets. For all analysis leaves of 3 rd node from the base were sampled from both control and treated plants at 0h, 24h, 48h, 72h, 96h and 120h after treatment. The sampled leaves were frozen in liquid nitrogen and stored at -80 o C and used subsequently for estimating the activities of PAL, TAL, PPO, POX, isoform profiles of cytoplasmic and cell wall-bound PPO, POX. 
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Estimation of PAL and TAL in cytoplasm:
Frozen leaf tissue (300 mg) was homogenized in 1.2 ml of ice cold 0.05M borate buffer (pH 7.0) containing 10 mM mercaptoethanol, 1mM PMSF, 0.001% Triton X-100, The PAL/TAL activity was calculated using respective molar extinction coefficient ε = 
MATERIALS AND METHODS
Molecular events during induction of Systemic Acquired Resistance in
Estimation of PPO and POX in cytoplasm:
About 300mg 
Extraction of cell wall bound proteins:
The cell wall pellet of each sample was extracted according to the protocol as mentioned previously. The cell wall pellet was homogenized and resuspended with 10mM Tris maleate buffer, pH 7.3 containing 2 M sodium chloride, 1mM EDTA, 2mM PMSF, 
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Native-basic PAGE analysis:
The isozyme profiles of acidic POX and PPO located in cell wall and cytoplasm were analysed by native basic PAGE [Laemmli, 1970] , without SDS. For acidic proteins, separating and stacking gels were made of 10% polyacrylamide at pH 8.8 and 5%
polyacrylamide at pH 6.8, respectively. Electrolyte for electrode reservoirs was Trisglycine, pH 8.3. Bromophenol blue (0.01%) was used as tracking dye. For each sample 50 µg proteins/ 75 µg proteins were loaded onto the native basic polyacrylamide gel for isoform analysis of PPO / POX respectively. Electrophoresis was carried out at 30 mA/gel for 6 hours at 4°C. After electrophoresis, Native basic gels were stained for iso-POX by incubating in 0.1 M Sodium Phosphate buffer pH 6.5 containing 50mM pyrogallol and 0.75% H 2 O 2 . Acidic PPO isoforms were visualized by the modified method of Jayaraman et al. (1987) , by equilibrating the gel in 0.1% p-phenylene diamine followed by addition of 50 mM catechol in 0.1M Sodium Phosphate buffer pH 9.0.
Native-acidic PAGE analysis:
Acidic native-PAGE for proteins from cell wall and cytoplasmic extract were performed by modified method of Reisfeld et al. (1962) . For basic proteins (pI>7), the resolving gel of 10% was prepared in a 0.385 M acetic acid-KOH solution, pH 4.3 and stacking gel of 5% was prepared in 0.0625 M acetic acid-KOH solution, pH 6.8. The electrophoresis was carried out with acidic running buffer (0.14 M acetic acid and 0.35 M β-alanine, pH 4.3) and a reverse polarity electrode, using methyl green as the tracking dye. For each sample 75 µg of protein was loaded on to the gel. Electrophoresis was performed at 4°C, 20 mA/gel for 30 min, followed by 40 mA/gel for 3h. Native acidic gels were stained for iso-POX by incubating in 0.1 M Sodium Phosphate buffer pH 9.0 containing 50mM catechol and followed by addition of 0. 
Extraction and estimation of total phenols:
Extraction and estimation of total phenols was determined according to the procedure described by Mahadevan and Sridhar (1986) . About 100 mg of frozen leaf tissue was cut into small pieces and dipped in 500 l of ethanol, in a water bath ( The reaction mixture contained 100 l of alcoholic extract, 100 l of Folin-Ciocalteau reagent and 200 l of 20% sodium carbonate. The reaction mixture was shaken and incubated for exactly 1 min in boiling water bath and then cooled. The blue solution was made up to 2.5 ml using Type I water and subsequently centrifuged at 10000xg for 5 min.
The intensity of the blue colour was recorded at 650 nm. Reaction mixture without alcoholic extract served as blank. The amount of total phenols was calculated using a standard curve prepared from catechol. The concentration of total phenol was expressed as mg g -1 fresh weight. The estimation was done twice for each sample replicate.
Estimation of Chlorophyll content in leaves:
Leaves (0.02g) were homogenized in 2 ml of 80% acetone (1: 100 w/v), centrifuged at 10000xg and the supernatant was used for estimation of total chlorophyll content. The absorbance was recorded at 652 nm against the solvent (80% acetone as blank). The estimation was done twice for each sample replicate. The concentration of chlorophyll was calculated using the following formula (Arnon, 1949) .
Total chlorophyll content (mg g -1 tissue) = 0.029 x A 652 x Volume of acetone used in ml / Weight of the leaves in g.
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Extraction and Estimation of free and conjugated Salicylic acid:
Extraction methods of free SA and conjugated SA (SAG) were done according to the modified method of Verberne et al. (2002) . Prior to extraction, fresh leaf material was collected and homogenized in liquid nitrogen. Half a gram of ground plant materials was extracted with 1 ml 90% methanol, sonicated for 20 min followed by centrifugation at 13,000 g for 30 min. The pellets obtained were re-extracted with 0.5 ml 100% methanol and centrifuged for 15 min. The supernatants from both centrifuge steps were pooled in a 2 ml microcentrifuge tube, to which 10 µl of 0.2 M NaOH was added. The mixtures were vortexed and evaporated in vacuo to remove the methanol. The residue was resuspended in 0.5 ml 5% (v/v) TCA by sonication for 10 min. The TCA was removed, centrifuged at 14,000×g for 5 min. The supernatant was then partitioned two times (10 min each) against 0.75 ml of 1:1 (v/v) ethylacetate/cyclohexane. For determination of free SA, 60 µl of High-performance liquid chromatography (HPLC) eluent was added to the upper aqueous layer and the mixtures were evaporated in vacuo.
The residues were dissolved in 600 µl of HPLC eluent prior to injection. For conversion of SAG to free SA, the lower aqueous fraction containing SAG was acid hydrolyzed by adding 300 µl of 8 M HCl and heating at 80°C for 1h. The fraction was further subjected to two times liquid-liquid extraction with ethylacetate : cyclohexane (1:1) and the steps described above for SA determination were followed. Each sample replicate was extracted thrice.
Determination of SA recovery:
These experiments were carried out in order to determine the recovery of SA obtained in the samples after the extraction. Three different sets of leaf material (3 samples and 500 mg fresh weight each set) i) samples spiked with 1.0 µg SA, ii) samples spiked with 1.0 µg SA only, in the TCA water phase before acid hydrolysis, and iii) non-spiked samples, were extracted for free SA and SAG following the above method. Three SA standard solutions containing 1.0 µg SA were also made in 660 µl HPLC eluent. All the spiked and non-spiked samples were then injected into HPLC. The mean of the SA peak area differences between the spiked and non-spiked samples was corrected with the mean of the peak area of SA standard solution to obtain the recovery of SA / SAG.
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HPLC analysis of SA contents:
Twenty microlitres from the total SA extract were injected into a HPLC C18 column [Phenomenex, type LUNA 3µ C18 (2)] 150 x 4.60 mm 3 µm, with a Phenomenex Security Guard (Torrance, CA, USA) using a Gilson 234 auto-injector (Villiers Le Bel, France). The HPLC eluent was 0.2 M ammonium acetate buffer (pH 5.5) in 10% methanol and had a flow rate of 0.8 ml/min SA and SAG (expressed as SA after acid hydrolysis) were detected with a Shimadzu RF-10Ax1 fluorescence detector (Tokyo, Japan) with an emission and excitation wavelength at 407 and 305 nm respectively. The peak of SA appeared around 10-11 min. The SA concentration was expressed as μg g −1 fresh weight.
Data analysis:
The data were statistically analyzed for analysis of variance (ANOVA) using the general linear model procedure and the least squares means test of the statistical software SAS (version 9.2 developed by SAS institute Inc., Cary, NC, USA). Multiple pairwisecomparison tests using least-square means were performed for post-hoc comparisons after two way with treatment and time as two factor with replications. The corrections used for multiple comparisons were Tukey's honest significantly differences test (HSD) procedure. Data for disease incidence and severity were statistically analyzed by SPSS software for windows version 16 (SPSS Inc., Chicago, Illinois, USA) using univariate general linear model procedures and one-way ANOVA respectively followed by post-hoc comparisons using Tukey's HSD.
Standardization of in vitro and in vivo cross-linking to study
DNA-protein interactions: min. Again the vacuum was released slowly and the desiccator was shaken slightly to remove air bubbles. The infiltrated leaves were rinsed thrice with cold 1X PBS, dried with tissue paper and frozen at -80°C for futher use.
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Protocol for nuclei isolation:
Solutions: Nuclei isolation Buffer 4 (NIB-4): 10 mM Tris HCl (pH 8), 0.5 M sucrose, 10 mM MgCl 2 , 0.5 % Triton X-100 and freshly added 5 mM mercaptoethanol, 1 mM PMSF plus proteinase inhibitor containing 1 µg/ml each of Leupeptin, Pepstatin A, E-64.
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Nuclei isolation Buffer 5 (NIB-5): 10 mM Tris HCl (pH 8), 1.7 M sucrose, 2 mM MgCl 2 , 0.15 % Triton X-100 and freshly added 5 mM mercaptoethanol, 1 mM PMSF plus proteinase inhibitor containing 1 µg/ml each of Leupeptin, Pepstatin A, E-64.
Frozen (1g) leaf tissue was crushed into a fine dry powder in liquid N 2 using pre-chilled mortar and pestle. The crushed powder was resuspended in 10ml of ice-cold NIB-1, vortexed and incubated for 15 min at 4°C with gentle shaking. The solution was filtered through eight layers of muslin cloth and the filtrate was centrifuged for 20 min 2880xg at 4°C. The supernatant was carefully removed and the pellet was resuspended in 1 ml of ice cold NIB-2, incubated for 20 min at 4°C to lyse chloroplasts, centrifuged at 2100xg
for 20 min at 4°C. The supernatant was removed and pellet was resuspended in 1ml of ice cold NIB-2 and over layered to the gradient solution containing 2ml of NIB-3 at the bottom and 5ml of NIB-4, centrifuged at 100xg for 3min at 4°C. The top layer containing the nuclei was carefully collected and centrifuged at 400xg for 5min at 4°C. The pellet was resuspended in 1ml of NIB-2 and again layered on to the gradient and the steps were repeated twice to remove debris, cytoplasmic organelles, and starch granules. The pellet was resuspended in 0.5ml of NIB-2 and this nuclei suspension was overlayed onto 1ml of ice cold NIB-5 and centrifuged for 1 hour at 16000xg at 4°C. This step was repeated until white nuclei pellet remains without green pellet.
Protocol for in vitro cross-linking of isolated nuclei:
The isolated nuclei was resuspended in the 200 µl of ice cold 1x PBS and incubated for 10 min. About 10.8 µl of freshly prepared 18.5% of formaldehyde (final conc. 1%) was added. The nuclei were mixed gently by inversion and were incubated for 5 min. To the above 13µl of 2M glycine (0.125M final) was added, incubated for 5 min to quench cross-linking. The nuclei aliquots were centrifuged at 1500xg for 10 min at 4°C.
Protocol for the extraction of cross-linked DNA-protein complex:
Solution:
Extraction buffer: 0.25 M NaCl, 0.05 M Tris-HCl (pH 7.5), 20 mM EDTA.
To the nuclei containing cross linked DNA-proteins, 200 µl of extraction buffer and 10µl of 0.1 M MgCl 2 were added. To the above solution, 10µl 10% Triton X 100, 1µl of -mercapto ethanol, 50 µl of 10% SDS were added. It was mixed gently and sonicated for 10 times with 10 sec each pulse at 40% duty cycle (power setting to 2 with pause of 1 
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Cross-linking reversal and DNA removal:
The purified DNA and DNA-protein complexes were resuspended in 0.5 M sodium acetate and incubated at 68°C overnight to reverse the DNA-protein cross-linking. After incubation, DNA was digested with 5 units of DNase I in a solution bearing 0.1 M sodium acetate (pH 5.5), 10 mM MgCl 2 and 10 mM ZnCl 2 at 37°C for 1 h. DNA-bound proteins before and after reversal of cross-linking were analysed using SDS-PAGE.
Effect of neem fruit extract on protein-protein interactions and
DNA-protein interactions in tomato:
Experiments were conducted in a completely randomized fashion. Two groups of plants having 3 replicates each were treated as following. Each replicate had 25 tomato plants.
1. First group of plants was sprayed with sterile Type I water and used as control plants.
2. Second group of plants was sprayed with aqueous neem fruit extract only and designated as neem fruit extract treated plants.
Spraying was done using sterile atomizer to produce fine spray droplets. For all analysis, leaves of 3 rd node from the base were sampled from both control and treated plants at 0-
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To analyse the protein-protein interaction, cytoplasmic proteins were extracted after crushing the cross-linked leaves sample in 10 mM Tris HCl (pH 8) containing 0.4 M sucrose, 1 % (w/v) PVP and freshly added 5 mM mercaptoethanol, 1 mM PMSF at 4°C. The extract was centrifuged at 10000xg for 20 min at 4°C, the supernatant collected was centrifuged at 100000xg for 1h at 4°C. The supernatant was concentrated by adding acetone in the ratio of 4:6, incubated at 4°C for overnight and centrifuged at 15000xg for 40 min at 4°C. The cytoplasmic pellet was dissolved in 10mM Tris HCl (pH 6.8) and analysed using SDS PAGE.
To analyse DNA-bound proteins, nuclei was extracted from in vivo cross-linked leaf tissue, followed by extraction of cross-linked DNA-protein complex, reversal of crosslinking, removal of DNA and separation using SDS PAGE as mentioned before.
